INTRODUCTION
The knowledge of the heavy metals (HMs) content in soils and the origin of these levels are priority objectives in the European Union according to the European Strategy for Soil Protection (Commission Communication 179/2002) . The HMs in soils originated from both geogenic (particularly lithogenic) and anthropogenic sources and they have been discussed in numerous reports and publications (e.g. Alloway, 1995; Adriano, 2001; Facchinelli et al., 2001; Kabata-Pendias and Pendias, 2001) . In order to reduce metal inputs and to improve management guidelines according to the legislation it is necessary not only to have knowledge of concentration HMs in soils but also to apportion natural (lithological) and anthropogenic inputs (Facchinelli et al., 2001; Franco-Uría et al., 2009; Li et al 2009; Lu et al., 2012) .
The multivariate statistical approach, mostly principal component analysis (PCA), have been widely applied in the identification and classification of the sources controlling the variability of heavy metals content in soils (Facchinelli et al., 2001; Salvagio Manta et al., 2002; Boruvka et al., 2005; Mico et al., 2006; Franco-Uría et al., 2009; Zhang et al., 2009; Sun et al., 2010; Lu et al., 2012) . In these studies identification of the pollution sources have been based on the intermetal relationships. Many others studies have examined relationships among HMs and between HMs concentrations and other soil properties (i.e. soil texture, soil organic matter, pH, carbonates) in identifying possible origin of HMs (Navas and Machin, 2002; Vega et al., 2004; Dragović et al., 2008) .
Many authors proved the impact of land use types on heavy metals concentration in soils (Luo et al., 2007; Miko et al., 2007; Bai et al., 2010; Kelepertzis et al., 2014) . They established higher concentrations of particular heavy metals in the topsoil of intensively used agricultural soils in comparison to natural (uncultivated) soils. One of the most prominent and the most commonly investigated problem related to contamination of agricultural soils is by copper, especially in vineyards. Numerous authors (Rusjan et al., 2007; Wightwick et al., 2008; Komarek et al., 2010; Vitanović et al., 2010; Jurišić et al., 2012; Ruyters et al., 2012) have established elevated levels of Cu in vineyard soils and explained it by long-term use of copper-based fungicides.
The present study was carried out as a preliminary survey on soil contamination of Kaštela Bay coastal area.
This area was selected in order to apportion natural vs. 
MATERIALS AND METHODS

Study area
Kaštela Bay coastal area is situated on the east coast of the central Adriatic Sea and located in the vicinity of Split (Figure 1 ). In the past this area has been an important agricultural resource associated with the cultivation of traditional Mediterranean plants, mainly, olive groves and vineyards. After World War II, urbanization, industrialization and the development a more attractive tourism economy caused soil degradation and destruction of agricultural land which is most evident in the abandonment of agricultural production and conversion of the valuable agricultural land into permanent non-agricultural purposes.
According to the Köppen climate classification, the study area has olive climate (Csa) which means that the dry period is in the warm part of the year, and the driest month has even less than 40 mm of precipitation, less than a third of the amount in the rainiest month in the cold part of the year (Zaninović et al., 2008) . Geologically, Kaštela Bay coastal area was built of Eocene Flysch marls, Original scientific paper DOI: /10.5513/JCEA01/20.3.2288 Miloš and Bensa: Cd, Cu, Pb and Zn in terraced soil on flysch deposits of Kaštela Bay coastal... (Marinčić et al., 1971; Marinčić et al., 1977) . In a geomorphological sense, the investigated area represents a flysch synclinal valley in which lower parts are defined with the gentle slopes, while higher parts are hilly with steep slopes. The impermeable or poorly permeable flysch deposits are prone to erosion with nearly 25 torrent streams (Barbarić and Pejaković, 1998) . 
Laboratory methods
Laboratory analysis was performed by the following methods: pH was determined potentiometrically in a 1:5 suspension of soil and water (HRN ISO 10390:2005), carbonate content by modified volumetric method (HRN ISO 10693:1995) , available P 2 O 5 and K 2 O by the ammonium lactate method (Egner et al., 1960) were determined by the inductively coupled plasmaoptical emission spectrometry (ICP OES). Accuracy was controlled by participating in the ISE Wepal (Wageningen University) proficiency testing scheme, as well as using CRMs for internal quality control and it was within range of ±15% of the certified values. Analytical precision was controlled by repeating the analysis of individual samples three times and it was satisfactory (relative standard deviation < 5%).
Statistical analyses
Basic statistical parameters for raw soil data were established and the skewness test was used for asymmetry of distribution data assessment. Principal component analysis (PCA) and correlation matrix (CM) was used to analyze relationships between experimented variables and to elucidate origins of heavy metals. The correlation strength was interpreted according to Evans (1996) , meaning less than 0.19 is very weak, 0.2-0.39 weak, 0.4-0.59 moderate, 0.6-0.79 strong and 0.8-1 is very strong.
A one-way analysis of variance (ANOVA, F-test) was used to test for the significant differences between means of selected metals in different land use types. The Tukey honest significant difference (HSD) post hoc test was performed only for metals for which ANOVA established that significantly contribute to the differences between the agricultural land use types.
RESULTS AND DISCUSSION
Basic soil properties
Investigated soils are alkaline and calcareous with a very wide range of CaCO 3 (8.84-55.32%, Table 1 ). The soil organic carbon (SOC) content is very low to medium, in average low (19.08 g/kg). The soils are medium to rich supplied with physiologically available K 2 O and poor to medium in P 2 O 5 according to Vukadinović and Vukadinović (2011) . The particle size distribution (Table 1) (Miloš and Maleš, 1998 
Heavy metal concentrations in soil
The descriptive statistics for analysed elements is shown in Table (Martinez Garcia et al., 2000; Loska et al., 2004; Biasioli et al., 2006; Xia et al., 2011; . (Table 3 ).
In comparison to data given in Geochemical atlas of Croatia (Halamić and Miko, 2009 ; Table 3 ) the median value of Pb concentration in the current study (15.8 mg/ kg; Table 2 ) is more than twice lower, whereas the medians of Cd concentration are almost equal. The median of Cu concentration in this study is higher, whereas the median of Zn concentrations is lower compared to data given in national scale (Halamić and Miko, 2009;  Table 3 . The maximum (Max) and median (Med) values measured in an aqua regia extract Cd, Cu, Pb and Zn concentration (mg/ kg) in topsoil samples of geochemical soil surveys at a continental, national, regional and local scale GEMAS (Reimann et al., 2018) FOREGS (Salminen et al., 2005) Geochemical atlas, Croatia (Halamić and Miko, 2009) Flysch derived soil survey Istria, Croatia (Peh et al., 2003) Kaštela Bay (Buljac, 2012 Comparing the data of this study to the literature findings could be indicative due to differences in soil sampling (depth and horizon), methods of sample preparation (size of analysed soil fraction) and analysis (methods of extraction and determination). Also, data for heavy metals concentrations selected according to soil type, parent material and land use are missing in mentioned projects.
Correlations between heavy metals and soil properties
The relationships heavy metals -soil properties were analysed by Pearson s correlations and summarized in the correlation matrix (CM), Table 4 . Inter-metal relationships ( these heavy metals. In arable land in China Li et al. (2009) found significant correlations between these HMs and related it to anthropogenic activities.
Multivariate analysis
The Principal Component Analysis (PCA) was conducted to analyse the relationships between the 11 experimented variables (4 HMs and 7 soil properties) and
the results are shown in Table 6 and Figure 2 . The number of significant principal components were three and it is selected using the Kaiser criterion (Kaiser, 1960) with an eigenvalue higher than 1.
The first two principal components explained more than 60%, the first three together account for 76.88% of the total variance (Table 6) These results show that PC1 could significantly reflect were controlled by anthropogenic input from agricultural production.
The above-mentioned studies were conducted on different soil types, parent material and under different land use, including the application of different agricultural practices, so the differences among them in comparison to results in this study are expected.
HMs concentrations and land use
The mean concentrations of Cd, Cu, Pb and Zn (mg/ kg) in 3 land use types are listed in Table 7 .
For testing the significance of differences between means of selected metals in different agricultural land use types analysis of variance (one-way ANOVA, F-test)
is used. The results listed in Table 8 SSb and SSw are sums of squares between (b) and within (w) groups; MSb and MSw are mean squares between (b) and within (w) groups; F is test statistic, df is the degrees of freedom between-group (k-1) and the degrees of freedom within-group (N-1); P-values for the F test; * differences are significant at P<0.05. Table 8 ) show that differences between the means of these metals are not statistically significant indicating that land uses had no significant effects on the distribution of this metals in the studied soils.
The mean values of Cu concentration in 3 land use types (Table 7) followed the sequence: vineyards (74.9 mg/kg) > olive groves (38.1 mg/kg) > grassland (29.5 mg/kg). In order to compare the mean values in the Cu concentration among land use types, the Tukey's honestly significant difference test was applied. The results of the Tukey test (Table 9) Table 9 . Tukey HSD test for the significant differences between 3 land use types: olive groves (1), grassland (2) and vineyards (3) in the Cu mean concentration (1)
(2) (Table 2) .
CONCLUSIONS
Based on the obtained results the following conclusions can be drawn: 
